Specifications TableSubjectEngineeringSpecific subject areaSpray combustion processes in marine diesel enginesType of dataTables, figuresHow data were acquiredNumerical simulationData formatRaw, simulated, analysedParameters for data collectionThe similarity of swirl ratio, spray mixture formation, heat transfer, combustion characteristics and pollutant emissions are numerically studied using two engines of 340 and 520 mm bore diameters for three scaling laws at various fuel injection timings.Description of data collectionThe computational fluid dynamics (CFD) simulation model is established and calibrated against the experimental data from a marine low-speed diesel engine with 340 mm bore diameter \[[@bib1]\]. Then, the potential of scaled model experiments for marine low-speed diesel engines is numerically studied with the baseline 340 mm-bore engine and an up-scaled 520 mm-bore engine at various injection timings. The data of accumulated heat transfer losses and pollutant emissions is normalized by fuel injection quantity for direct comparison between the large and small engines. The data of the liquid and vapor penetration length of the small engine is divided by the similarity ratio (*r*) for direct comparison with the large engine.Data source locationState Key Laboratory of Ocean Engineering, Shanghai Jiao Tong UniversityData accessibilityData is with this articleRelated research articleX.Y. Zhou, T. Li, Y.J. Wei, S.C. Wu, Scaling spray combustion processes in marine low-speed diesel engines, Fuel. 258 (2019). <https://doi.org/10.1016/j.fuel.2019.116133>.**Value of the Data**•This data explores the potential of scaled model experiments for marine low-speed diesel engines.•This data is valuable reference for researchers or engineers who attempt to conduct scaled model experiments in marine diesel engine development.•This data can be used to evaluate or correct the errors in the real applications of the scaled model experiments.•The data gives guidance on the selection of scaling laws in the real applications of the scaled model experiments.

1. Data {#sec1}
=======

[Table 1](#tbl1){ref-type="table"} shows the similarity of the peak swirl ratio for various fuel injection timings. [Table 2](#tbl2){ref-type="table"} represents the similarity of the accumulated heat transfer losses at the exhaust valve opening (EVO) timing for various fuel injection timings. [Table 3](#tbl3){ref-type="table"} provides the similarity of the averaged liquid penetration length for various fuel injection timings, the averaged liquid penetration length is defined as the averaged value from 3 to 20 °CA after the start of injection. [Fig. 1](#fig1){ref-type="fig"} shows the similarity of the vapor penetration length evolution for the 3° CA after top dead center (aTDC) injection timing. [Table 4](#tbl4){ref-type="table"} and [Table 5](#tbl5){ref-type="table"} describe the similarity of the ignition delay in crank angle and millisecond, respectively, the ignition delay is defined as the period from the start of injection to the 5% heat released timing. The similarity of in-cylinder peak temperature under various fuel injection timings is given in [Table 6](#tbl6){ref-type="table"}. [Table 7](#tbl7){ref-type="table"} and [Table 8](#tbl8){ref-type="table"} provide the similarity of the peak CO and HC emissions for various fuel injection timings, respectively. [Fig. 2](#fig2){ref-type="fig"} shows the similarity of the CO~2~ emissions for the 3° CA aTDC injection timing.Table 1Similarity of the peak swirl ratio for various fuel injection timings.Table 1Fuel injection timing (°CA aTDC)Large engine (520 mm bore)Small engine (340 mm bore)Speed lawLift-off lawPressure law−68.237.968.058.21−38.077.837.948.0307.907.647.787.9237.777.477.607.5467.577.287.337.44Table 2Similarity of the accumulated heat transfer losses in terms of J/mg-fuel at the EVO timing for various fuel injection timings. The accumulated heat transfer losses are normalized by fuel injection quantity for direct comparison between the large and small engines.Table 2Fuel injection timing (°CA aTDC)Large engine (520 mm bore)Small engine (340 mm bore)Speed lawLift-off lawPressure law−63.944.244.264.26−33.734.034.054.0403.433.713.743.7733.263.523.523.5863.133.373.373.34Table 3Similarity of the averaged liquid penetration length in terms of mm for various fuel injection timings. The averaged liquid penetration length of the small engine is divided by the similarity ratio (*r*) for direct comparison with the large engine.Table 3Fuel injection timing (°CA aTDC)Large engine (520 mm bore)Small engine (340 mm bore)Speed lawLift-off lawPressure law−687.4688.9088.4387.96−390.6592.1291.7190.96095.1996.8496.3595.683100.96102.49101.98101.486107.52109.36109.09108.18Fig. 1Similarity of the vapor penetration length evolution for the 3° CA aTDC injection timing. The vapor penetration length of the small engine is divided by the similarity ratio (*r*) for direct comparison with the large engine.Fig. 1Table 4Similarity of the ignition delay in crank angle in terms of °CA for various fuel injection timings.Table 4Fuel injection timing (°CA aTDC)Large engine (520 mm bore)Small engine (340 mm bore)Speed lawLift-off lawPressure law−63.183.263.243.20−33.153.243.223.1803.173.253.233.1933.223.303.283.2463.293.373.363.32Table 5Similarity of the ignition delay in millisecond in terms of ms for various fuel injection timings.Table 5Fuel injection timing (°CA aTDC)Large engine (520 mm bore)Small engine (340 mm bore)Speed lawLift-off lawPressure law−63.373.462.982.22−33.353.432.962.2103.373.452.972.2133.413.503.022.2563.493.583.092.31Table 6Similarity of the in-cylinder peak temperature in terms of K for various fuel injection timings.Table 6Fuel injection timing (°CA aTDC)Large engine (520 mm bore)Small engine (340 mm bore)Speed lawLift-off lawPressure law−61747.871720.651729.981756.14−31699.061663.461670.351690.6801639.901621.761625.221644.3031583.561562.191565.901585.1961569.631545.301555.301569.96Table 7Similarity of the peak CO emissions in terms of g/kg-fuel for various fuel injection timings. The peak CO emissions are normalized by fuel injection quantity for direct comparison between the large and small engines.Table 7Fuel injection timing (°CA aTDC)Large engine (520 mm bore)Small engine (340 mm bore)Speed lawLift-off lawPressure law−6609.79641.71623.86587.88−3640.90677.99650.26619.560685.75715.90699.06658.813724.29759.03733.30696.726762.90787.69771.72747.79Table 8Similarity of the peak HC emissions in terms of g/kg-fuel for various fuel injection timings. The peak HC emissions are normalized by fuel injection quantity for direct comparison between the large and small engines.Table 8Fuel injection timing (°CA aTDC)Large engine (520 mm bore)Small engine (340 mm bore)Speed lawLift-off lawPressure law−695.5398.70100.6992.41−3102.43105.65106.45104.860106.34112.69109.70105.543103.11105.11105.34104.096110.63114.76114.52114.82Fig. 2Similarity of the CO~2~ emissions for the 3° CA aTDC injection timing. The CO~2~ emissions are normalized by fuel injection quantity for direct comparison between the large and small engines.Fig. 2

1.1. Experimental design, materials, and methods {#sec1.1}
------------------------------------------------

The CFD simulation model used in this paper is established and calibrated against the experimental data from a marine low-speed diesel engine with 340 mm bore diameter \[[@bib1]\]. Then, the similarity of spray combustion processes in marine low-speed diesel engines is numerically studied with the baseline 340 mm-bore engine and an up-scaled 520 mm-bore engine at various injection timings. The geometry of the 520 mm engine is perfectly scaled with the well calibrated 340 mm diesel engine \[[@bib1]\]. According to the three diesel combustion scaling laws described in Refs. \[[@bib2],[@bib3]\], the operation conditions are described previously \[[@bib1]\]. The engine speed is set constant between the large and small engines for the speed law, while the fuel injection pressure is set constant between the large and small engines for the pressure law. The same normalized fuel injection rate evolution is set between the 340 and 520 mm engine. In the present paper, the in-cylinder working processes between −70°CA aTDC to the EVO timing are simulated.
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